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(57) A power take-off casing (47) including therein 
a rear-PTO shaft (12) and a transmission mechanism 
(50) therefor is mounted on an outer surface of a rear 
wall (3c) of the transmission casing (3) disposed be- 
tween left and right rear wheels (4) which constitute 
drive wheels for a working vehicle, and a gear (52) con- 
stituting an input member of the transmission mecha- 
nism is operatively connected to a drive mechanism (46) 
for a mid-PTO shaft (9) which extends forwardly from 
the inside of transmission casing through a front wall 
(3a) thereof. A clutch (60) for selectively cutting-off the 
drive of the rear-PTO shaft is provided preferably such 
that it couples the gear selectively to a drive gear (58) 
which is rotatably mounted on the mid-PTO shaft. In a 
working vehicle in which a transmission casing is dis- 
posed between left and right front wheels constituting 
the drive wheels for the vehicle, a power take-off casing 
having a front-PTO shaft is mounted on an outer surface 
of a front wall of the transmission casing. 



FIG. 3 
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Description 

Field of the Invention 

[0001] This Invention relates to a power take-off as- 
sembly for a working vehicle in which a rear- or 
front-PTO shaft is particularly provided in addition to a 
mid-PTO shaft in a very simple manner whereby an es- 
sential part of the vehicle can be made common to a 
working vehicle having only a mid-PTO shaft and a 
working vehicle having a mid-PTO shaft and a rear- or 
front-PTO shaft. 

Background of the Invention 

[0002] There are disclosed in U.S. Patents No. 
5,099,936 and No. 5,901,605 techniques that a 
rear-PTO shaft is additionally provided to a working ve- 
hicle having a mid-PTO shaft in a simple manner. 
[0003] Of these patents, U.S. Patent No. 5,099,936 
discloses a working vehicle in which a transmission cas- 
ing having left and right rear wheel axles is disposed 
between left and right rear wheels and in which there is 
provided a mid-PTO shaft which extends from the inside 
of the transmission casing through a front wall of the 
casing. For providing a rear-PTO shaft, a rear cover of 
the transmission casing of a working vehicle having only 
a mid-PTO shaft is removed and, in place of it, a power 
take-off casing which includes in it a rear-PTO shaft ex- 
tending rearwardly of the power take-off casing and a 
transmission mechanism for transmitting power to the 
rear-PTO shaft is mounted on a rear end of the trans- 
mission casing. An input member of the transmission 
mechanism is operatively connected to a final drive 
gear, which is rotatably mounted on the mid-PTO shaft, 
through a clutch which is shifted selectively to a position 
where the final gear is coupled only to the mid-PTO 
shaft, another position where the final gear is coupled 
to both of the mid-PTO shaft and the input member, and 
a further position where the final gear is coupled only to 
the input member. 

[0004] U.S. Patent No. 5,901 ,605 discloses a working 
vehicle in which there is provided a transmission casing 
including therein a mid-PTO shaft which extends from 
the inside of the transmission casing forwardly of the 
casing, an electromagnetic clutch which is disposed be- 
tween coaxially arranged input and output shafts for se- 
lectively coupling the shafts, and a speed reduction 
gearing which transmits power from the output shaft to 
the mid-PTO shaft. For converting a working vehicle 
having only a mid-PTO shaft into a working vehicle hav- 
ing a mid-PTO shaft and a rear-PTO shaft, a rear cover 
of the transmission casing is exchanged for a new rear 
cover and a transmission shaft in the reduction gearing 
is exchanged for a clutch shaft and, at the same time, 
positions of a part of gears in the reduction gearing are 
changed. The rear-PTO shaft is supported by the new 
rear cover and by a rear-PTO cover which is secured to 



a rear surface of the new rear cover, and there is pro- 
vided on the clutch shaft a clutch which is shifted selec- 
tively to a position where power is transmitted only to 
the mid-PTO shaft, another position where power is 
transmitted to both of the mid-PTO shaft and the 
rear-PTO shaft, and a further position where power is 
transmitted only to the rear-PTO shaft. 
[0005] Therefore, for converting a working vehicle 
having only a mid-PTO shaft into a working vehicle hav- 
ing a mid-PTO shaft and a rear-PTO shaft, each of the 
above-referenced U.S. patents requires removal or ex- 
change of the rear cover of the transmission casing so 
that the converting operation is troublesome. Particular- 
ly, the rear cover of the transmission casing is used for 
supporting transmission shafts or gear-supporting 
shafts in the transmission casing, which makes the con- 
verting operation troublesome. The converting opera- 
tion is very troublsome with respect to the power take- 
off assembly disclosed in U.S. Patent No. 5,901 ,605 be- 
cause it requires position-changing operation of a part 
of gears in the reduction gearing as well. 
[0006] Accordingly, a primary object of the present in- 
vention is to provide a novel power take-off assembly 
for a working vehicle in which a rear- or front-PTO shaft 
is provided in a manner such that converting operation 
from a working vehicle having only a mid-PTO shaft into 
a working vehicle having a mid-PTO shaft and a rear- 
or front-PTO shaft can be made very easily. Another ob- 
ject of the invention is to provide a novel power take-off 
assembly for a working vehicle in which a rear- or 
front-PTO shaft is provided in a manner such that a 
working vehicle having only a mid-PTO shaft can be of- 
fered to numerous users requring no rear- or front-PTO 
function with a low cost. 

Summary of the Invention 

[0007] The present invention relates to a power take- 
off assembly for a working vehicle in which a transmis- 
sion casing. (3) having left and right drive wheel axles 
(4a) is disposed between left and right drive wheels (4) 
and in which there is provided a mid-PTO shaft (9) which 
extends from the inside of the transmission casing (3) 
through an axial end wall (3a) of the transmission casing 
located at an inner side of the longitudinal direction of 
the vehicle. The power take-off assembly according to 
the present invention is characterized in: 

that a power take-off casing (47) is mounted on an 
outer surface of an axial end wall (3c) of the trans- 
mission casing (3) located at an outer side of the 
longitudinal direction of the vehicle, the power take- 
off casing (47) including in it a second PTO shaft 
(12), which extends from the power take-off casing 
toward a direction opposite to the mid-PTO shaft 
(9), and a transmission mechanism (50) for trans- 
mitting power to the second PTO shaft (12); 
that an input member (52) of the transmission 
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mechanism (50) is operatively connected to a drive 
mechanism (46) for the mid-PTO shaft (9) in the 
transmission casing (3) through an opening (44) in 
the axial end wall (3c) in the transmission casing (3) 
located at the outer side of the longitudinal direction 
of the vehicle; and 

that a clutch (60) f or selectively cutting-off the trans- 
mission of power to the second PTO shaft (12) is 
provided. 

[0008] The above-referenced second PTO shaft is a 
rear-PTO shaft extending rearwardiy of the power-take- 
off casing when the above-referenced drive wheels are 
left and right rear wheels between which the transmis- 
sion casing is disposed, whereas the second PTO shaft 
is a front- PTO shaft extending fprwardly of the power 
take-off casing when the drive wheels are left and right 
front wheels between which the transmission casing is 
disposed. 

[0009] Because the power take-off assembly accord- 
ing to the present invention is structured such that, while 
the structure of the transmission casing (3) remains un- 
changed, a power take-off casing (47) including therein 
a second PTO shaft (1 2) and a transmission mechanism 
(50) therefor is mounted on the outer surface of an end 
wall (3c) of the transmission casing located at an outer 
side of the longitudinal direction of the vehicle and an 
input member (52) of the transmission mechanism is op- 
eratively connected to the drive mechanism (46) for the 
mid-PTO shaft (9) through an opening (44) in the axial 
end wall, the axial end wall (3c) is made common to a 
working vehicle having only a mid-PTO shaft and a 
working vehicle having a mid-PTO shaft and a second 
PTO shaft, so that the axial end wall can be used com- 
monly to both kinds of the working vehicles for support- 
ing transmission shafts or gear-supporting shafts. Ac- 
cordingly, in converting a working vehicle having only a 
mid-PTO shaft into a working vehicle having a mid-PTO 
shaft and a second PTO shaft, removal or exchange of 
a rear cover corresponding to such an axial end wall, 
which is required in the above-referenced two U.S. pat- 
ents, is no more required and the converting operation 
can be perfomed very easily, while the axial end wail is 
used for supporting shafts as it is, only by mounting the 
power take-off casing onto the outer surface of the axial 
end wall and by connecting the input member to the 
drive mechanism for the mid-PTO shaft. For converting 
a working vehicle having a mid-PTO shaft and a rear- 
or front-PTO shaft into a working vehicle having only a 
mid-PTO shaft, it is satisfactory that the power take-off 
casing (47) is removed and the above-referenced open- 
ing (44) in the axial end wall of the transmission casing 
is closed by a suitable cover member, so that a working 
vehicle having only a mid-PTO shaft can be offered to 
users at a very low cost. The clutch (60) for selectively 
cutting-off the transmission of power to the second PTO 
shaft (1 2) can be provided in any optional position of the 
transmission mechanism (50). 



[001 0] Preferably, the clutch (60) is operable to selec- 
tively drive the mid-PTO shaft (9) or the second PTO 
shaft (12). For achieving such a clutch with a simple 
structure, it is preferred that the input member (52) is 

5 arranged coaxially with the mid-PTO shaft (9), that the 
drive mechanism (46) includes a drive gear (58) which 
is rotatably mounted on the mid-PTO shaft (9) and is 
meshed with a gear (41) of driving side, and that the 
clutch (60) is structured such that it is shifted selectively 

10 to a condition where the drive gear (58) is coupled to the 
mid-PTO shaft (9) and to another condition where the 
drive gear (58) is coupled to the input member (52). Pref- 
erably, the clutch (60) is structured such that it is further 
shifted to a condition where the drive gear (58) is cou- 

15 pied to the mid-PTO shaft (9) and to the input member 
(52) at a same time, in this case, the mid-PTO shaft (9) 
and the second PTO shaft (1 2) can be driven to rotate 
at a same time. 

[001 1 ] Alternatively, it is preferred that the input mem- 

20 ber (52) is arranged coaxially with an intermediate drive 
shaft (40) which is provided in the drive mechanism (46) 
and is operatively connected to the mid-PTO shaft (9), 
that the drive mechanism (46) includes a drive gear 
(41 A) which is rotatably mounted on the intermediate 

25 drive shaft (40) and is meshed with a gear (34) of driving 
side, and that the clutch (60) is structured such that it is 
shifted selectively to a condition where the drive gear 
(41 A) is coupled to the intermediate drive shaft (40) and 
to another position where the drive gear (41 A) is coupled 

30 to the input member (52). This structure also allows to 
drive selectively the mid-PTO shaft (9) or the second 
PTO shaft (12). Preferably, the clutch (60) is structured 
such that it is further shifted to a condition where the 
drive gear (41 A) is coupled to the intermediate drive 

35 shaft (40) and to the input member (52) at a same time. 
In this case, the mid-PTO shaft (9) and the second PTO 
shaft (12) can be driven to rotate at a same time. 
[001 2] It is dangerous for an operator to get out of the 
vehicle while the mid-PTO shaft is rotating. In a pre- 

40 ferred embodiment, there is further provided a sensor 
switch (67) for sensing coupling conditions of the drive 
gear (58) to the mid-PTO shaft (9) or coupling conditions 
of the drive gear (41 A) to the intermediate drive shaft 
(40) such that the sensor switch (67) is operated by a 

45 shifter member (63) for shifting the clutch (60). When 
the sensor switch is in an operated condition, the oper- 
ator will stop the rotation of mid-PTO shaft by the oper- 
ation of clutch so as to avoid a danger in advance. 
[001 3] It is often the cases that the second PTO shaft 

so or the rear- or front-PTO shaft is used for driving an aux- 
iliary implement of a high load. According to a preferred 
embodimemt of the present invention, the input member 
is composed of an input gear (52) mounted on a shaft 
(51; 73) which is arranged in parallel with the second 

55 PTO shaft (12) and is supported by the power take-off 
casing (47). Further, the transmission mechanism (50) 
comprises a speed-reduction gear train for transmitting 
power from the input gear (52) to the second PTO shaft 
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(12) at a reduced speed of rotation. 
[0014] In the power take-off assembly according to 
the present invention, the number of PTO shafts can be 
increased in the following manner. That is, the input gear 
(52) is fixedly mounted on the shaft (73) for mounting 
the Input gear and this shaft is extended outwardly from 
the power take-off casing (47) toward a direction same 
as the second PTO shaft (12) so as to provide a third 
PTO shaft (73). The third PTO shaft can be used, for 
example, to drive a generator which feeds electric power 
to an electrically driven implement such as a chain saw. 

Brief Description of the Drawings 

[001 5] The present invention and its attendant advan- 
tages will become more readily apparent as the speci- 
fication is considered in conjunction with the accompa- 
nying drawings in which: 

FIG. 1 is a schematic side view, partially cut away, 
of a working vehicle in which a first preferred em- 
bodiment of the present invention is employed; 
FIG. 2 is a sectional side view, partially developed, 
of a transmission casing of a working vehicle in 
which only a mid-PTO shaft is provided; 
FIG. 3 is a sectional side view, partially developed, 
of a part of the first embodiment in which an essen- 
tial part of a transmission casing is omitted; 
FIG. 4 is a sectional view taken generally along line 
IV-IV of FIG. 3; 

FIG. 5 is an enlarged sectional view taken generally 
along line V-V of FIG. 3; 

FIG. 6 is a sectional side view, partially developed, 
showing an assembling method of the first embod- 
iment; 

FIG. 7 is a sectional side view, partially developed, 
similar to FIG. 3 but showing a part of a second pre- 
ferred embodiment according to the present inven- 
tion; 

FIG. 8 is a sectional side view, partially developed, 
similar to FIG. 3 but showing a part of a third pre- 
ferred embodiment according to the present inven- 
tion; 

FIG. 9 is a sectional view taken generally along line 
IX-IX of FIG. 8; and 

FIG. 1 0 is an enlarged sectional view taken gener- 
ally along line X-X of FIG. 8. 

Description of various Embodiments 

[0016] FIG. 1 depicts a working vehicle in which a first 
embodiment of the power take-off assembly according 
to the present invention is employed. An Engine 1 as a 
drive source is mounted on a front end of the vehicle, 
and a transmission casing 3 which is supplied with pow- 
er from the engine 1 through a transmission shaft 2 is 
arranged between left and right rear wheels 4 which 
constitute drive wheels for the vehicle. Left and right 



front wheels 5 are driven to rotate when required and, 
for this purpose, a transmission shaft 6 is provided which 
transmits power from the transmission casing 3 toward 
the front wheels 5. A seat 7 is provided at a location 
5 above the transmission casing 3, and a steering wheel 
8 for steering the vehicle by turning the left and right 
wheels 5 is provided at a location before the seat. There 
is equipped between the front and rear wheels 5 and 4 
a mid-mount mower M which is driven by a mid-PTO 
10 shaft 9, extending forwardly from a lower position of the 
inside of the transmission casing 3, through a transmis- 
sion shaft 10 connected to a gear box Ma of the mower 
M. An auxiliary implement (not shown) such as a rotary 
tiller to be drawn by the vehicle is lifted and lowered by 
is a pair of hydraulic lift cylinders 1 1 disposed between the 
transmission casing 3 and the seat 7. The auxiliary im- 
plement is adapted to be driven by a rear-PTO shaft 12 
which extends rearwardly of the vehicle. 
[0017] FIG. 2 depicts a transmission casing 3 which 
includes only the mid-PTO shaft 9 and does not include 
the rear-PTO shaft 1 2. A basic-structure of the transmis- 
sion casing 3 will be described first by referring to FIG. 
2. A plate member 14 having a relatively large thickness 
is secured to the front of transmission casing 3. The 
mid-PTO shaft 9 extends forwardly through a front wall 
3a of the transmission casing 3 at a location below the 
plate member 14. An oil pump 15 is secured to a front 
and upper location of the plate member 14, and the 
transmission casing 3 is provided at an upper location 
thereof with an input shaft 16 which extends forwardly 
through the plate member 14 and through the oil pump 
1 5. The oil pump 1 5 is fashioned into a gear pump using 
the input shaft 1 6 as its pump shaft, and the input shaft 
1 6 is connected at its front end to the transmission shaft 
2 shown in FIG. 1. 

[0018] A hydraulic pump 17 driven by the input shaft 
1 6 is secured to a rear surface of the plate member 14 
and is located at an upper location within the transmis- 
sion casing 3, and a hydraulic motor 1 9 having an output 
shaft 1 8 is secured to a front surface of the plate member 
14 at a lower half of the plate member. These hydraulic 
pump and motor 1 7 and 1 9 are connected to each other 
through a pair of fluid paths (not shown) in the plate 
member 1 4 so as to form a closed circuit and to thereby 
provide a hydrostatic transmission 20. Each of the hy- 
draulic pump 17 and hydraulic motor 19 is composed of 
an axial plundger type, and the output shaft 18 of hy- 
draulic motor 1 9 is driven in a non-stepwise manner by 
controlling the angle of a tillable swash plate 17a of the 
hydraulic pump 1 7. 

[0019] The output shaft 18 of hydraulic motor 19 ex- 
tends through the plate member 1 4 into the transmission 
casing 3 and fixedly carries at its rearmost end a bevel 
pinion 21 . A bevel gear 23 meshing with the bevel pinion 
21 is mounted on a transmission shaft 22 which extends 
laterally of the transmission casing 3 and is supported 
by the casing, and a speed-reduction gearing (not 
shown) for transmitting power from the bevel gear 23 to 
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a gear 24 which is also mounted on the transmission 
shaft 22 is provided between the transmission shaft 22 
and another transmission shaft (not shown). The gear 
24 is meshed with a larger input gear 25 of a differential 
gearing (not shown) for the left and right rear wheels .4, s 
and rear wheel axles 4a constituting left and right output 
shafts of the differential gearing are joumalled in the 
transmission casing 3 so as to drive the left and right 
rear wheels 4. For driving the front wheels 5, a front 
wheel drive case 27 into which the output shaft 18 ex- 10 
tends is secured to a front end of a motor casing 26 
which covers the hydraulic motor 1 9. A front wheel drive 
shaft 28, which is connected to the transmission shaft 6 
shown in FIG. 1 , is arranged within the drive case 27 
coaxially with the output shaft 1 8, and a front wheel drive 
clutch 29 for selectively coupling the drive shaft 28 to 
the output shaft 1 8 is disposed between these shafts 1 8 
and 28. 

[0020] The input shaft 16 extends further rearwardly 
from the hydraulic pump 17 and is supported at its rear 20 
side by a support wall 3b within the transmission casing 
3 through a bearing. A rear end opening of the transmis- 
sion casing 3 is covered by a rear cover 3c which is se- 
cured to the casing using bolts 31 , and a transmission 
shaft 32, which is disposed coaxially with the input shaft 25 
16, is supported by a rear end of the input shaft 1 6 and 
by the rear cover 3c. A rotatable support member 33 is 
fixedly mounted in a rear end portion of the input shaft 
16, and a clutch housing 36 is secured to a gear 34, 
which is fixedly mounted on the transmission shaft 32, 30 
using pins 36. A PTO clutch 37 is provided by plural fric- 
tional elements slidably but non-rotatably supported by 
the support member 33 and by another plural frictional 
elements slidably but non-rotatably supported by the 
clutch housing 36. The PTO clutch 37 is fashioned into 35 
a fluid-operated type which is operated by applying a 
fluid pressure to a piston 37b against the biasing force 
of a return spring 37a so as to advance the piston 37b 
and to thereby engage the frictional elements. 
[0021] A fluid path for supplying the fluid pressure to *o 
the PTO clutch 37 is formed in the transmission shaft 32 
and is communicated with a fluid chamber 38 within the 
rear cover 3c. An electromagnetic directional control 
valve 39 for controlling the fluid supply to the fluid-oper- 
ated PTO clutch 37 is mounted on an outer surface of *5 
the rear cover 3c and is connected to the oil pump 15 at 
the front side of transmission casing 3. 
[0022] A gear 41 is mounted on a support shaft 40, 
which is supported respectively by the support wall 3b 
and by the rear cover 3c through bearings, and is so 
meshed with the gear 34 on the transmission shaft 32. 
A rear end portion of the mid-PTO shaft 9 is supported 
by the support wall 3b and extends rearwardly from the 
support wall 3b, and a gear 42, which is meshed with 
the gear 41 on the support shaft 40, is fixedly mounted 55 
on the mid-PTO shaft 9 using splines 9a in the outer 
surface of mid-PTO shaft. An opening 44, which is faced 
to the mid-PTO shaft 9, is formed in the rear cover 3c 
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and is closed by a cover member 45. 
[0023] From the structure set forth above, the trans- 
mission casing 3 shown in FIG. 2 is operable to drive 
the left and right rear wheel axles 4a and rear wheels 4 
and, when required, to also drive the left and right front 
wheels 5 at a non-stepwisety controlled speed of rota- 
tion and is also operable to drive the mid-PTO shaft 9 
by operating the PTO clutch 37. 

[0024] FIG. 1 and FIGS. 3 to 5 depict the first embod- 
iment of the present invention in which the part of trans- 
mission casing 3 not shown in these figures has the 
same structure that has been detailed with respect to 
FIG. 2. A power take-off casing 47 is fixedly mounted on 
a rear suface of the rear cover 3c using bolts 48. The 
power take-off casing 47 has a rear end opening which 
is closed by a cover plate 47a secured to the casing 47 
using bolts 49. 

[0025] As shown in FIG. 3, the rear-PTO shaft 1 2 hav- 
ing been described in reference to FIG. 1 is supported 
by the power take-off casing 47 and by the cover plate 
47a through bearings and extends rearwardly of the 
casing 47 at a level higher than that of the mid-PTO shaft 
9. The power take-off casing 47 includes in it a trans- 
mission mechanism 50 for transmitting power to the 
rear-PTO shaft 12. The transmission mechanism 50 is 
structured into a speed-reduction gearing composed of 
a gear 52 mounted, by means of a spiined connection, 
on a support shaft 51 which is supported by the cover 
plate 47a through a pair of bearings, a pair of gears 54 
and 55 mounted, by means of a spiined connection, on 
a transmission shaft 53 which is supported by the power 
take-off casing 47 and by the cover plate 47a through 
bearings, and a gear 56 mounted on the rear-PTO shaft 
12 by means of a spiined connection. The larger gear 
54 on the transmission shaft 53 is meshed with the gear 
52 on the support shaft 51 to provide a speed-reduction 
transmission between the shafts 51 and 53, whereas the * 
smaller gear 55 on the transmission shaft 53 is meshed 
with the gear 56 on the rear-PTO shaft 12 to provide a " 
speed-reduction transmission between the shafts 53 
and 12. T 
[0026] The support shaft 51 is arranged coaxially with 
the mid-PTO shaft 9. The gear 52, which constitutes an 
input member of the transmission mechanism 50, has a 
boss portion extending toward the mid-PTO shaft 9 and 
is provided, at its end, with spiined teeth 52a. The 
above-referenced cover member 45 (FIG. 2) is re- 
moved, and the drive mechanism for the mid-PTO shaft 
9 composed of the above-referenced gears 34, 41 and 
42 is replaced by a drive mechanism 46 which includes, 
in place of the gear 42, a gear 58 which is mounted ro- 
tatably on a sleeve 57 which is in turn mounted on the 
mid-PTO shaft 9 by means of a spiined connection using 
the splines 9a. The sleeve 57 extends toward the gear 
52 and is provided, at its end, with spiined teeth 57a 
which are adjacent to the spiined teeth 52a, and the gear 
58 has a boss portion extending toward the the gear 52 
and is provided with spiined teeth 58a which are adja- 
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cent to the splined teeth 57a. A sleeve-shaped clutch 
member 59 Is slidably mounted on the splined teeth 52a, 
57a and 58a and is provided, in its inner surface, with 
three sets of splined teeth 59a, 59b and 59c (FIG. 6) 
which are formed intermittently along the length of clutch 
member 59. 

[0027] The clutch member 59 is adapted to be sliding- 
ly displaced to three positions. The splined teeth 59a, 
59b and 59c of clutch member 59 are formed such that, 
in accordance with the displaced positions of dutch 
member, the foremost splined teeth 59a are always kept 
engaged with the splined teeth 58a of gear 58, the mid- 
dle splined teeth 59b are disengaged from the splined 
teeth 57a of sleeve 57 at the foremost displaced position 
of clutch member 59, are engaged with the splined teeth 
57a of sleeve 57 at the intermediate displaced position 
of clutch member 59, and are engaged with the splined 
teeth 52a of gear 52 at the rearmost displaced position 
of clutch member 59, and the rearmost splined teeth 59c 
are engaged with the splined teeth 57a of sleeve 57 at 
the foremost displaced position of clutch member 59, 
are engaged with the splined teeth 52a of gear 52 at the 
intermediate displaced position of clutch member 59, 
and are disengaged from the splined teeth 52a of gear 
52 at the rearmost displaced position of clutch member 
59. 

[0028] Thus, a clutch 60 is provided which is operable, 
in accordance with the displaced positions of clutch 
member 59, to couple the sleeve 57 to the gear 58 at 
the foremost displaced position of clutch member 59 so 
as to drive only the mid-PTO shaft 9, to couple the 
sleeve 57 and the gear 52 to the gear 58 at the interme- 
diate displaced position of clutch member 59 so as to 
drive both of the mid-PTO shaft 9 and the rear-PTO shaft 
12, and to couple the gear 52 to the gear 58 at the rear- 
most displaced position of clutch member 59 so as to 
drive only the rear-PTO shaft 12. 
[0029] For displacing the clutch member 59 to slide, 
a forked clutch shifter 63 which is engaged with the 
clutch member 59 is slidably mounted on a guide shaft 
62 which extends in a longitudinal direction of the vehi- 
cle and is fixedly supported by the power take-off casing 
47, as shown in FIGS. 3 and 5. A rotatable control shaft 
64 having, at its inner end, an arm 65 which engages 
the clutch shifter 63 extends through a side wall of the 
power take-off casing 47, and the clutch shifter 63 is 
adapted to be shifted by the rotational displacement of 
control shaft 64 by means of an arm 66 secured to an 
outer end of the control shaft 64. A sensor switch 67, 
which is fixedly supported by the power take-off casing 
47, is particularly provided, and a movable contact 67a 
of the sensor switch 67 is faced, at an inside of the power 
take-off casing 47, to the clutch shifter 63 such that, 
when the clutch shifter 63 is displaced to the positions 
where the mid-PTO shaft 9 is driven, namely to the po- 
sitions where only the mid-PTO shaft 9 is driven and 
where the mid-PTO shaft 9 and the rear-PTO shaft 12 
are driven, the movable contact 67a is pushed by the 



clutch shifter 63 whereby the sensor switch 67 is oper- 
ated. The sensor switch 67 is connected to a pilot lamp 
68 shown in FIG. 1 so that, when the mid-PTO shaft 9 
is driven to rotate, an operator can operate the clutch 

5 60 or PTO clutch 37 before getting out of the vehicle so 
as to avoid a danger in advance. 
[0030] In FIGS. 3 and 5, numeral 70 designates a de- 
tent means having a ball 70b which projects into a re- 
cess 62a, 62b or 62c in the outer surface of guide shaft 

io 62 underthe biasing force of a spring 70a disposed with- 
in the clutch shifter 63. In FIG. 4, numerals 71 designate 
left and right axle housings secured to left and right side 
surfaces of the transmission casing 3 for accomodating 
left and right rear wheel axles 4a and numeral 72 des- 

15 ignates a tiltable arm for controlling the angle of the 
above-referenced swash plate 17a of hydraulic pump 
1 7. As shown in FIG. 4, a rear surface of the rear cover 
3c includes an expanded portion 3d for accomodating 
a relief valve (not shown) which determines the fluid 

20 pressure applied to the PTO clutch 37. 

[0031 ] FIG. 6 shows an assembling method of the first 
embodiment in which the transmission casing 3 shown 
in FIG. 2 is modified. The sleeve 57 and gear 58 are 
assembled onto the rear end portion of mid-PTO shaft 

25 9, as shown in FIG. 6, through the opening 44 of rear 
cover 3c of the transmission casing 3 from which the 
cover member 45 has been removed or which does not 
have such a cover member 45 originally. The power 
take-off casing 47, into which the rear-PTO shaft 12 and 

30 the transmission mechanism 50 have been preassem- 
bled, is provided previously as shown, and the clutch 
member 59 is previously supported in the power take- 
off casing 47, as shown, or in the transmission casing 
3. Then, the power take-off casing 47 is fixedly mounted 

35 on the rear surface of transmission casing 3 using bolts 
48. Thus, the assembling operation can be made very 
quickly. 

[0032] FiG. 7 shows a second embodiment of the 
present invention. In this second embodiment, a shaft 

40 73 which corresponds to the above-referenced support 
shaft 51 extends rearwardly from the cover plate 47a of 
power take-off casing 47 so as to provide a further PTO 
shaft. The gear 52 may be mounted rotatably on the sup- 
port shaft 52 in the first embodiment, but the gear 52 is 

45 necessarily mounted fixedly on the shaft 73 in the sec- 
ond embodiment. The further PTO shaft 73 can be used, 
for example, for driving a generator which feeds electric 
power to an electrically driven implement such as a 
chain saw. or for driving an auxiliary implement having 

so an input shaft of a relatively low level such as a glass 
collector. Further, when a sprayer having a liquid medi- 
cine-feeding pump and a liquid medicine-spraying fan 
is drawn by the vehicle for spraying agricultural medi- 
cines, the feeding pump, which is subjected to a rela- 

55 tively high load, may preferably be driven by the 
rear-PTO shaft 12 and the spraying fan, which is desir- 
ous to be rotated at a high speed, may preferably be 
driven by the further PTO shaft 73. The other parts of 
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the second embodiment are structured similarly as in 
the first embodiment, so that the second embodiment 
can also be assembled very easily and quickly. 
[0033] FIGS. 8 to 10 depicts a third embodiment of 
the power take-off assembly according to the present s 
invention. A power take-off casing 47 is fixedly mounted 
on the rear surface of rear cover 3c of the transmission 
casing 3 also in this embodiment using bolts 48, and It 
includes a rear end opening which is closed by a cover 
plate 47a attached to the casing 47 using bolts 49. As 
is evident from these figures, some of the bolts 48 are 
also used for securing the cover plate 47a together with 
the power take-off casing 47 to the rear cover 3c. 
[0034] A rear-PTO shaft 12 is also supported by the 
power take-off casing 47 at a level which is higher than 
that of the mid-PTO shaft 9, as shown in FIG. 9, but 
which is lower than that of the rear-PTO shaft 12 em- 
ployed in the first and second embodiment as shown in 
FIG. 10. In the third embodiment, driving power for the 
rear-PTO shaft 1 2 is taken off from an intermediate drive 
shaft 40, corresponding to the above- referenced sup- 
port shaft 40, in the drive mechanism 46 for the mid-PTO 
shaft 9. A shaft 73 coaxial with the intermediate shaft 40 
is supported by the power take-off casing 47, and a gear 
52 fixedly mounted on the shaft 73 is operatively con- 
nected to the rear-PTO shaft 12 through a transmission 
mechanism 50 which is similar to the above-referenced 
transmission mechanism 50. An opening 44 corre- 
sponding to the above-referenced opening 44 is formed 
in the rear cover 3c of transmission casing 3 such that 
it is faced to the intermediate drive shaft 40. The opening 
44 is closed by a cover member 45 similar to the above 
referenced cover member 45 when the rear-PTO shaft 
12 is not provided and only the mid-PTO shaft 9 is pro- 
vided. As shown in FIG. 9, threaded bores in the rear 
cover 3c for securing the bolts 48 are formed such that 
some of them 48X are used only when the cover mem- 
ber 45 is attached to the rear cover 3c and some of them 
48Y are used only when the power take-off casing 47 is 
attached to the rear cover 3c. The above-referenced 
shaft 73 extendes rearwardly of the cover plate 47a, as 
in the second embodiment, so as to provide a further 
PTO shaft. 

[0035] Two gears 41 A and 41 B are mounted on the 
intermediate drive shaft 40 in place of the above-refer- 
enced gear 41 . The gear 41 A is rotatably mounted on a 
sleeve 57, which is in turn fixedly mounted on the inter- 
mediate drive shaft 40, and is meshed with the gear 34 
of driving side. The other gear 41 B is fixedly mounted 
on the intermediate drive shaft 40 and is meshed with a 
gear 42 which is fixedly mounted on the mid-PTO shaft 
9. The boss portion of gear 40 A and the sleeve 57 ex- 
tend respectively toward the gear 52, and splined teeth 
52a, 57a and 41 a are formed respectively on the outer 
surfaces of the boss portion of gear 52, the sleeve 57 
and the boss portion of gear 41 A. A sleeve-shaped 
clutch member 59 is slidably mounted on the splined 
teeth 52a, 57a and 41a and is provided, in its inner sur- 



face, with three sets of splined teeth 59a, 59b and 59c 
which are formed Intermittently along the length of clutch 
member 59. 

[0036] The clutch member 59 is adapted to be sliding- 
ly displaced axialiy to three positions. The splined teeth 
59a, 59b and 59c of clutch member 59 are formed such 
that, in accordance with the displaced positions of clutch 
member, the foremost splined teeth 59a are always kept 
engaged with the splined teeth 41 a of gear 41 A, the 
middle splined teeth 59b are disengaged from the 
splined teeth 57a of sleeve 57 at the foremost displaced 
position of clutch member 59, are engaged with the 
splined teeth 57a of sleeve 57 at the intermediate dis- 
placed position of clutch member 59, and are engaged 
with the splined teeth 52a of gear 52 at the rearmost 
displaced position of clutch member 59, and the rear- 
most splined teeth 59c are engaged with the splined 
teeth 57a of sleeve 57, are engaged with the splined 
teeth 52a of gear 52 at the intermediate displaced posi- 
tion of clutch member 59, and are disengaged from the 
splined teeth 52a of gear 52 at the rearmost displaced 
position of clutch member 59. 

[0037] Thus, a clutch 60 is provided which is operable, 
in accordance with the displaced positions of clutch 
member 59, to couple the sleeve 57 to the gear 41 A at 
the foremost displaced position of clutch member 59 so 
as to drive only the mid-PTO shaft 9, to couple the 
sleeve 57 and the gear 52 to the gear 41 A at the inter- 
mediate displaced position, shown in FIG. 8, of clutch 
member 59 so as to drive both of the mid-PTO shaft 9 
and the rear-PTO shaft 1 2, and to couple the gear 52 to 
the gear 41 A at the rearmost displaced position of clutch 
member 59 so as to drive only the rear-PTO shaft 12. 
That is, the clutch 60 which functions similarly to the 
above-referenced clutch 60 is provided also in the third 
embodiment. 

[0038] As shown in FIG. 1 0, a control mechanism for 
displacing the clutch member 59 and a sensor switch 
67 associated thereto are provided also in the third em- 
bodiment. A movable contact 67a of the sensor switch 
67 is faced, at an inside of the power take-off casing 47, 
to the clutch shifter 63 such that, when the clutch shifter 
63 is displaced to the positions where the mid-PTO shaft 
9 is driven, namely to the positions where only the 
mid-PTO shaft 9 is driven and where the mid-PTO shaft 
9 and the rear-PTO shaft 12 are driven, the movable 
contact 67a is pushed by the clutch shifter 63 whereby 
the sensor switch 67 is operated. That is, a danger en- 
countered by an operator in getting out of the vehicle 
when the mid-PTO shaft 9 is rotating can be avoided in 
advance. The other parts of the third embodiment are 
same as those in the above-referenced embodiments. 
[0039] Although the present invention is embodied in 
a working vehicle in which a transsmission casing 3 is 
disposed between left and right rear wheels which con- 
stitute the drive wheels for the vehicle, the present in- 
vention can also be embodied in a working vehicle in 
which a transmission casing is disposed between left 
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and right front wheels which constitute the drive wheels 
for the vehicle. In this case, a power take-off casing is 
mounted on an outer surface of a front wall of the trans- 
mission casing and a front-PTO shaft is provided such 
that It extends forwardly from the power take-off casing. 



Claims 

1 . In a working vehicle in which a transmission casing 
(3) having left and right drive wheel axles (4a) is dis- 
posed between left and right drive wheels (4) and 
in which there is provided a mid-PTO shaft (9) which 
extends from the inside of said transmission casing 
(3) through an axial end wall (3a) of said transmis- 
sion casing located at an inner side of the longitu- 
dinal direction of the vehicle, a power take-off as- 
sembly characterized in: 

that a power take-off casing (47) is mounted on 
an outer surface of an axial end wall of said 
transmission casing (3) located at an outer side 
of the longitudinal direction of the vehicle, said 
power take-off casing (47) including in it a sec- 
ond PTO shaft (12), which extends from said 
power take-off casing in a direction opposite to 
said mid-PTO shaft (9), and a transmission 
mechanism (50) for transmitting power to said 
second PTO shaft (12); 
that an input member (52) of said transmission 
mechanism (50) is operatively connected to a 
drive mechanism (46) for said mid-PTO shaft 
(9) in said transmission casing (3) through an 
opening (44) in said axial end wall (3c) located 
at the outer side of the longitudinal direction of 
the vehicle; and 

that a clutch (60) for selectively cutting-off the 
drive of said second PTO shaft is provided. 

2. The power take-off assembly as set forth in claim 

1 , wherein said input member (52) is arranged co- 
axially with said mid-PTO shaft (9), wherein said 
drive mechanism (46) includes a drive gear (58) 
which is rotatably mounted on said mid-PTO shaft 
(9) and is meshed with a gear (41) of driving side, 
and wherein said clutch (60) is structured such that 
it is shifted selectively to a condition where said 
drive gear (58) is coupled to said mid-PTO shaft (9) 
and to another condition where said drive gear (58) 
is coupled to said input member (52). 

3. The power take-off assembly as set forth in claim 

2, wherein said clutch (60) is structured such that it 
is further shifted to a condition where said drive gear 
(58) is coupled to said mid-PTO shaft (9) and to said 
input member (52) at a same time. 

4. The power take-off assembly as set forth in claim 



3, wherein there is provided a sensor switch (67) for 
sensing conditions where said drive gear (58) is 
coupled to said mid-PTO shaft (9), said sensor 
switch (67) being operated by a shifter member (63) 
5 for shifting said clutch (60). 

5. The power take-off assembly as set forth in claim 
1 , wherein said input member (52) is arranged co- 
axial ly with an intermediate drive shaft (40) which 

10 is provided in said drive mechanism (46) and is op- 
eratively connected to said mid-PTO shaft (9), 
wherein said drive mechanism (46) includes a drive 
gear (41 A) which is rotatably mounted on said in- 
termediate drive shaft (40) and is meshed with a 

is gear (34) of driving side, and wherein said clutch 
(60) is structured such that it is shifted selectively 
to a condition where said drive gear (41 A) is cou- 
pled to said intermediate drive shaft (40) and to an- 
other condition where said drive gear (41 A) is cou- 

20 pied to said input member (52). 

6. The power take-off assembly as set forth in claim 

5, wherein said clutch (60) is structured such that it 
is further shifted to a condition where said drive gear 

25 (41 A) is coupled to said intermediate drive shaft 
(40) and to said input member (52) at a same time. 

7. The power take-off assembly as set forth in claim 

6, wherein there is provided a sensor switch (67) for 
30 sensing the conditions where said drive gear (41 A) 

is coupled to said drive shaft (40), said sensor 
switch (67) being operated by a shifter member (63) 
for shifting said clutch (60). 

35 8. The power take-off assembly as set forth in claim 
1 . wherein said input member is composed of an 
input gear (52) mounted on a shaft (51 ; 73) which 
is arranged in parallel with said second PTO shaft 
(12) and is supported by said power take-off casing 

40 (47), and wherein said transmission mechanism 
(50) comprises a speed-reduction gear train for 
transmitting power from said input gear (52) to said 
second PTO shaft (12) at a reduced speed of rota- 
tion. 

45 

9. The power take-off assembly as set forth in claim 
8, wherein said input gear (52) is fixedly mounted 
on said shaft (73), the said shaft extending outward- 
ly from said power take-off casing (47) in a direction 

so same as said second PTO shaft (12) so as to pro- 
vide a third PTO shaft (73). 

10. The power take-off assembly as set forth in claim 
1 , wherein said drive wheels (4) are left and right 

55 rear wheels between which said transmission cas- 
ing (3) is disposed, and wherein said second PTO 
shaft is a rear-PTO shaft (12) which extends rear- 
wardly of said power take-oft casing (47). 
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